Orotracheal intubation in mice is a complicated technique because of the peculiar oropharyngeal anatomy and the dif culty in visualizing the laryngis aditus. Here we report a new and simple method for rapid endotracheal intubation by using a small bore, straight bre-optic arthroscope. Under endoscope-assisted visualization of the laryngis aditus, a polyethylene cannula, inserted on a guide-wire in order to facilitate the introduction of the tip across the vocal cords, was advanced in the trachea. The success rate of intubation was 100%. We were also able to re-intubate the mice 4 and 8 weeks later without any major complications. We conclude that this method can be easily and safely used for studies where controlled pulmonary ventilation is necessary.
Orotracheal intubation in mice, the most common laboratory animal species, is a complicated technique because of their oropharyngeal anatomy and the dif culty in visualizing the laryngis aditus. In particular, the relatively large incisors and the restricted mandible opening make this practice dif cult to perform and there is the added risk of bleeding and laryngeal perforation. There have been some reports in the literature regarding the procedure of intubation in mice, but these methods require a direct, surgical exposure of the larynx by incising the neck (Akther et al. 1998) , or an elaborate animal position, specially constructed equipment and highly trained personnel (Costa et al. 1986 , Brown et al. 1999 .
We present a simple method of tracheal intubation in mice by using a small bore, straight bre-optic arthroscope for the visualization of the glottis and the vocal cords on a monitor, a polyethylene tube (PE) for tracheal intubation, and a soft-tip, stiff guide-wire to facilitate the introduction of the PE cannula across the vocal cords. Our results indicate that this technique is rapid, safe and reproducible.
Materials and methods
In the present study, we used 20 animals of two strains of common laboratory mice (10 CD-1 and 10 C57BL=6, Charles River, Calco, Italy), at 8-10 weeks of age. Mice were housed in an air-conditioned room with a 12:12 h light-dark cycle and were fed with standard mouse chow and tap water ad libitum. Animals used for this study were maintained in accordance with EC directives (86=609=EEC), and the study conforms to the Guide for the Care and Use of Laboratory Animals (NIH 85-23, revised 1996) .
The induction of anaesthesia was obtained by intraperitoneal administration of a mixture of ketamine (Ketavet 1 , Gellini, Italy) (100 mg=kg) and xylazine (Rompun 1 , Bayer, Germany) (5 mg=kg). The depth of anaesthesia was evaluated by the absence of both swallowing and righting re exes. The mice were placed supine on a warmed saline (37.5¯C, re-circulated) pad in order to maintain constant body temperature throughout the experiment with the head and the neck extended. A straight, small bore arthroscope (outer diameter (OD)ˆ1.7 mm, 0¯, lengthˆ58 mm) (Olympus, mod. A7002, Milan, Italy) (Fig 1) , connected to a light source (Olympus, mod. CLH-2, Milan, Italy) and a videocamera (Olympus, mod. OTV-SC, Milan, Italy), was carefully inserted to the left of the incisors and inserted at the base of the tongue to allow visualization of the glottis and the rhythmic opening of the vocal cords ( Fig 2) . Secretions were removed by a PE cannula (ODˆ1.1 mm, lengthˆ50 mm) connected to a syringe to prevent aspiration during intubation procedure. Thereafter, a soft-tip, stiff guide-wire (ODˆ0.4 mm; lengthˆ20 cm; ARROW INT., PA, USA) was inserted in the trachea across the vocal cords during inspiration in order to facilitate the introduction of a PE cannula (length3 0 mm, ODˆ0.70 mm) over the guide. The cannula was advanced into the trachea for 6 mm starting from the vocal cords. Then the guide was removed and the mouse was connected to the pulmonary ventilator (Harvard, Rodent ventilator mod. 683, USA) for a few seconds. The success of the intubation was evaluated by the visual observation of the rhythmic expansion of the thorax synchronous with the rate of ventilation. Thereafter, the animals were extubated and allowed to recover in a warmed box.
In order to evaluate trauma or bleeding signs at the tracheal level, 10 mice were sacri ced (an overdose of Tanax (Hoechst Veterinar GmbH, Germany) injected intraperitoneally) one hour after intubation, and a post-mortem examination was performed. The remaining 10 mice (5 CD-1 and 5 C57BL=6) were observed for the following 3 days for signs of respiratory distress. In these animals tracheal intubation was repeated after 4 and 8 weeks to verify if it was possible to re-intubate the mice.
Results
The straight bre-optic arthroscope allowed us a good visualization of the glottis despite its anterior location. The success rate of intubation was 100% with a mean time of 3 § 0.4 min (the mean plus or minus standard error of the time required to carry out the procedure). At 4 and 8 weeks no additional dif culty in the tracheal intubation was Again the success rate was 100% and the time required to complete the procedure was less than 5 min. Just one operator was suf cient to carry out the entire procedure and just one attempt in each animal was made.
No major complications resulted from this method and the animals did not show any signs of respiratory distress. In two cases, slight mucosal bleeding had delayed the procedure but this did not compromise the success of intubation. Post-mortem examination showed only super cial abrasions (two animals), but no signi cant oedema of the oropharynx.
Discussion
We demonstrated that orotracheal intubation in mice can be performed easily, rapidly and with minimal training by using a small-bore bre-optic arthroscope. In all cases we were able to perform intubation and extubation of mice at the end of the procedure without any untoward events. Although we did not investigate either the maximum number of repeated intubations that could be obtained, or the timing between them, we were able to re-intubate the mice after 4 and 8 weeks without any dif culty. This indicates that video-assisted intubation is suitable to perform longitudinal studies which require repeated intubations to control pulmonary ventilation.
Methods for tracheal intubation in mice without tracheostomy have already been described in the literature. Brie y, two main procedures of tracheal intubation have been reported: one is performed by surgical exposure of the larynx (1); the other one is performed by using a home-made metal blade and transillumination of the neck (2). In the rst case, the appearance of scarring tissue minimizes the possibility of repeated intubations. In addition the tracheal cannula is driven to the laryngis aditus in a blind way which increases the possibility of taking a false path. In the latter case, the elaborate animal position (suspended at an ¹45¯angle), the need for making an adequate metal blade and for using trained personnel represent the major disadvantages. In our study, there is no need to make anything because all the equipment is commercially available and, furthermore, no speci c training is necessary. Although the cost is higher, it is not prohibitive.
In summary, we describe here a method for rapid and repeated intubation of mice for studies in which controlled ventilation is necessary.
